Salinity History of Coastal Marshes Reconstructed from Diatom Remains by Parsons, Michael L. et al.
Louisiana State University 
LSU Digital Commons 
Faculty Publications Department of Oceanography & Coastal Sciences 
12-1999 
Salinity History of Coastal Marshes Reconstructed from Diatom 
Remains 
Michael L. Parsons 
Quay Dortch 
R. Eugene Turner 
Nancy N. Rabalais 





 Part of the Oceanography Commons 
Estuaries Vot 22, No. 4, p. 1078-1089 December 1999 
Salinity History of Coastal Marshes Reconstructed from 
Diatom Remains 
MICbb%EL L. DARSONS ~ 
QLAV Do~rcH 
Louisiana Univ~sities Marirte Uonsortiur~ 
8124 IIighw<~ 56 
Uhaur'in, Louisiana 70344 
R, EUGENE TURNER 
Cbastal E~olo~ ~v~stimte and D@a~t~r~t o/Oceanography and Uoastal Sder~ces 
Louisiana State &%iv~sity 
Baton Rouge, Louisia~a 70803 
NANCY N. RABALAIS 
Louisiana Univ~sities Marir~e Consortiur~ 
8124 ttighwa~, 56 
67zauvin, Louisiana 70344 
A B S T R A C T :  Sediment  cores were collected from dlree Louisiana coastal marsh p o ~ %  dared widi radlolsotope~, aJ~d 
analyzed for  diatom remains m determine if long-term salinfiy changes were evident in the sediment  record, A diatom- 
based  sallni~y index formulated from a statistical comparison o f  avai lable  salidi~y data and changing diatom assemblages 
demonstrated dlat diatom remains appear  to pl, eserve salinity signals in coastal brackish and  salt marsh envisonmen~s. 
T h e  salinig, index was applied to sediment  cores spanning the late 1600s to die 1990s and provided a more complete 
record of salinhy dmn field data. which were temporally and  spatially incomplete. The  salinity recol~structions indicated 
that salJnfiy ha.~ increased at two sites aJJd decreased at a ddrd  since the early- 1900s. T h e  salldity change~ are less than 
1%e pe r  decade in all cases, and  may be dim to natural varlabillty a.s depicted by the wide range of sallnides observed 
between die late 1600s and 1900. Salinity regime~g may be very localized (< 2 km from a hydmloglc source), indicating 
alngle-sfie studies may- not be applicable to regional hfferences. This  study demonstrates that diatoms caa be used to 
reconstruct past  salinity- in coastal marsh envisonments and  can provide a useful tool wldl which to s tu@ the changing 
hydrolog T of rlver-inlhmnced ecosystems. 
In t roduct ion 
Salinity- changes  resuhing  f rom hydrologic mod-  
ification and habitat  alteration in many coastal 
marshes  a round the world are of great  c o n c e r n  
The  modificat ion of rivers (e.g., dams and le:eees; 
Meade  and Parker  1984) and estuat ine systems 
( e g ,  d redg ing  and impoundment s ;  Swenson and 
T m n e r  1987; T u r n e r  1987) have affected estuarine 
productivity- (Glenn et al, 1996), coastal morphol-  
og 7 (Wang 1996; Stanley and Goodf l i end  1997), 
m~d freshwater r e somces  (Baird and Heymans  
1995; Wang 1996; Stanley and Goodf l i end  1997)  
Much large~ river modif icat ion projects are under-  
wa 7- (eg , ,  the Th ree  Gorges  Dam System on the 
Changj iang  River; D u d g e o n  1995) or are p lanned 
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fbr the nea~ fhture (e@, dam construct ion oil the 
Mekong  River; V(olanski et aL 1996), The  long- 
term effects of hydrologic changes  are not  known 
in most  cases, a l though niany researchers  acknowl- 
edge that such studies are needed  (e@, Zedler  et 
aL 1980), V~'hile various restorat ion and remedia-  
tion projects are undeLway to counter  the effects 
of hydrologic modifications,  marly of ' these proiects 
cannot  be adequately assessed yet (Thorn 1997), 
a r s o n  (1996) s u g g e s t e d  p a l e o e c o l o g i c a l  tech- 
niques should be applied more  in the study and 
manageu ien t  of' coastal marshes.  The  result ing 
data would aid in de te i rn in ing  the degree  to which 
the system has been  modif ied and provide historic 
data h e m  which future p~oiections can be made,  
Coastal Louisiana provides a good case study of 
how an ecosystem is affected by hydrologic modi-  
fications, of ~estoration projects underway to coun- 
ter hydrologic effects, and how the lack of long- 
term data h inders  formula t ion  of appropr ia te  res- 
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to ra t ion  efforts. Lou i s i ana  conta ins  41% 
(10,114,000 ha of the 25,000,000 ha) of the coastal 
marshes of the continental  Uni ted  States (Turner 
and Gosselink 1975), yet accounts for 80% of re- 
cent wetlaad loss (i.e., erosion; Alexandei  et al. 
19~36) The high rates of wetland loss (0.86% yr 1 
between 1955 and 1978; g au man n  and Turner  
1990), coupled with the subsequent economic loss~ 
es (Costanza and Farber 1985), place wetland loss 
issues in the foref'ront of scientific and political de- 
bate in Louis iana While there is consensus that 
wedand loss is a natural resource management  
problem, the causes a~e imperfectly understood,  
making it difficult to implement  adequate preven- 
tative and remedial  measures to counter wetland 
loss 
Coastwide increases in salinity- have been hypoth- 
esized and debated as one of the rnaio~ factors 
leading to wetland loss (Madden et al. 1988; Reed 
1989; Gagliano 1994; Turner  1997) Salt water may 
stress and kill marsh plants, especially heshwater 
plants. This in turn can result in land loss due to 
the reduced ability- of the marsh plants to hold or- 
ganic matter in place (Good et al. 1982; McKee 
and Mendelssohn 1989). Plant presence or ab- 
sence also is affected by many other, often related, 
factors (e.g,  persistence and hequency of' flood- 
ing; McKee and Mendelssohn 1989; Reed 1990; Ca. 
hoon aud Reed 1995; Reed 1995). The main evi- 
dence support ing coastwide salinity increases as a 
factor in wetland losses is the northward movement  
of salt-tolerant marsh plants over the past several 
decades (Chabreck and Linscombe 1982; Fuller et 
al. 1995) and a northward extension of oyster leas- 
es in garataria Bay- (~an Sickle et al. 1976) Long- 
term salinity- data (extending back to the mid 
1950s in some cases) f'lom 38 stations spread over 
coastal Louisiana demonstrate that salinities have 
increased at some stations (01%o yr 1 to 2.2%o 
yr 1), but decreased ( 0.1%o yr 1 to S.7%o yr L) 
or remained unchanged at most (Wiseman et al. 
1990; Swenson and Swarzenski 1995) These results 
indicate there is little evidence for a coastwide in- 
crease in salinity. The salinity" increases appear to 
be localized events probably due to the dredging 
of navigation channels perpendicular  to the coast 
(%~ng 1988; Wiseman et al. 1990) Unfortunately, 
available salinity data are temporally and spatially 
sparse and are too recent to provide the baseline 
needed to test if, and to what extent, coastwide 
salinity in Louisiana has changed in this century. 
One approach that can rectify this lack of data 
is the study of' the sediment record through the 
analysis of diatom valves in a dated sedimen[ core 
( i e ,  a paleoenvironmental  reconstruction). Dia- 
toms are useful indicators of past environmental  
conditions because their morphology is species- 
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specific, species have specific water quality-chem- 
istry preferences, and the valves pieserve well in 
sediments (B, attarbee 1986). Identification and 
enumerat ion of diatom valves coupled with infor- 
mation oil optimal water conditions for growth can 
be used to reconstruct salinity- at the time the di- 
atoms were living. Much woik has been conducted 
to classify diatoms according to their salinity pref- 
erences and this work has intensified in recent 
years (reviewed byJuggins  1992) in response to the 
increased application of' paleoenvironmental  re- 
construction studies. Sediment  core dating has be- 
come il luch more refined in the past two decades, 
allowing higher  resolution studies of past environ- 
mental  conditions using dated sediment cores 
(Schelske 1991). This ref inement  coupled with the 
recent scientific arid managerial  desire for long- 
term data has resulted in the present interest in 
pMeoenvironmental  reconstructions. 
Paleoenvironmental  ieconstructions have been 
used to study salinity changes in closed ~ystems 
such as lakes and reservoirs. Progressive fi eshening 
of" upl i i led lakes and impounded  estuaries in Scan- 
dinavia has been demonsuated  using diatom as- 
semblages in cores (Cleve 1899; R~sflnen aud To- 
lonen 198.~; RS~Snen 1986). Studies of saline lakes 
m the nor thern  Great Plains region of North  
America have been conducted to develop and cal- 
ibrate diatom-based paleosalinity models. These 
rnodels have been used to determine diatom re- 
sponses to various ions (Cumming and Stool 1993; 
Wilson et al. 1994, 1996) and to study paleoclimate 
changes (Cumrning and Stool 1993; Fritz et al. 
199g), including precipitation (Frilz 1990) and 
droughts (Laird. et al. 1996a,b, 1998). 
In coastal and estuarine environments  the use of 
diatom remains to study salinity changes has been 
more qualitative. Changing diatom assemblages 
have been associated with coastal transgression a[ld 
regression events (Cleve 1899; Denys and Verbrug- 
gen 1989; Vos and. de ~%lf 199.~; Espinosa 1994) 
and increased fieshwater inputs to estuaries (Coo- 
per 1995). Diatoms as quantitative indicators of 
changing salinity- in recent sediments of estuarine- 
marsh systems have had limited use, unlike the 
case in lakes and reservoirs. One of the few ex- 
amples of such a study is that by j ugg in s  (1992), 
who developed a salinity- transfer function along a 
salinity gradient  in the Thames estuary and used 
this model  to reconstruct salinities at sites a iound  
London,  England. 
Estuarine (and coastal marsh) salinity recon- 
structions have not  been utilized extensively, pos- 
sibly due to the dynamic changes typical of these 
environments. Spatial studies conducted on the liv- 
ing diatom assemblages found in estuatine and 
coastal marsh environments have demonstrated 
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Fig. J.. A map of centra,! coastal Louisiana shcadng the lo- 
cations os the three study sites: tSe Fourleague Bay brackish 
marsh ~ond (FLB), the Terrebonne Bay sait marsh pond 
(T3}~)', and Airplarie Lake @21.). !mportar, t.geographic.s.l fea- 
tures are labeled..Sa!im V monit.orJrig stations were !ocated ei- 
tb.er a.t tb.e saree sire (e.g., ~ L )  or wit.hit, 2 km (FI2B and 
Ts162 os eke coring si,Jes, and are therefore not. marked. 
t h a t  d i a t o m  as semblages  show p a t t e r n s  o f  z o n a t i o n  
regard less  o f  t h e  h i g h l y  variable n a t u r e  o f  these  
systems. Several s tud ies  h a v e  b e e n  c o n d u c t e d  to  
d e t e r m i n e  h o w  d i a t o m  assemblages  c h a n g e  M o n g  
a salinity" g r a d i e n t  in  es tuar ies  a n d  ml t  m a r s h e s  
(McIn t i r e  a n d  O v e r t o n  1971; M o o r e  a n d  M c I n t i r e  
1977; A m s p o k e r  a n d  M c I n t i r e  1978; Admi raa l  a n d  
Pele t ier  1980; C o o k  a n d  ~ n i p p l e  1982; Wilder-  
m a n n  1 9 8 7 ; J n g g i n s  1992; U n d e r w o o d  e t  al. 1998) .  
T h e s e  s tud ies  d e m o n s t r a t e d  t h a t  d i a t o m  assem- 
b l ages  sh i f t ed  d ramat ica l ly  f r o m  a. f r e shwate r  pop-  
u l a t i o n  to  a n  e s tua r i ne  p o p u l a t i o n  at  a salinity" 
t h r e s h o l d  f r o m  as low as  1%0 (Mcln t i r e  a n d  Ov- 
e r t o n  1971) to  as  h i g h  as  7%0 (Admiraa l  a n d  Pe- 
le t ie r  1980).  Because  m a n y  d i a t o m  species  have  
specific ml in i ty  p r e f e r e n c e s  a t  h i g h e r  salinit ies 
(e.g., J u g g i n s  1992; U n d e r w o o d  e t  al. :[998) mey 
s h o u l d  b e  use fu l  as a p r o x y  for  pas t  salinity c h a n g e s  
in  coastal  e n v i r o n m e n t s .  
Whi l e  d i a t o m s  h a v e  b e e n  u s e d  successful ly to  
d o c u m e n t  h is tor ica l  ml in i ty  c h a n g e s  in  c losed  sys- 
teresa su&l as lakes a n d  reservoirs,  t h e y  h a v e  b e e n  
u s e d  less f r e q u e n t l y  in  e s tua r i ne  systems, possibly 
d u e  to  t h e  h i g h l y  variable n a t u r e  o f  th i s  env i ron-  
m e n t .  T h e  li-dng d i a t o m  f lo ra  of" est tzarine env i ron-  
m e n t s  exh ib i t  quan t i f i ab l e  c h a n g e s  a l o n g  salinity 
g rad ien t s ,  a n d  m a n y  e s tua r i ne  sys tems a l t e red  b y  
h y d r o l o g i c  mod i f i c a t i ons  m a y  h a v e  these  ef fec ts  
q u a n t i f i e d  a n d  t h e r e f o r e  b e t t e r  u n d e r s t o o d  
t h r o u g h  salinity r e c o n s t r u c t i o n  studies.  T h e  goals  
o f  th i s  s t udy  were  to  d e t e r m i n e  i f  d i a t o m  r e m a i n s  
p r e se rved  a salinity s ignal  in  t h e  coastal  m a r s h  sed- 
i m e n t s  of" Louis iana ,  and ,  i f  so, to  u s e  d i a t o m  re- 
m a i n s  to  r e c o n s t r u c t  salinity c h a n g e s  in  t he  past .  
M a t e r i a l s  a n d  M e t h o d s  
C O P,J_~ COLLEC~iO)N 
W e  s a m p l e d  t h r e e  m a r s h  wa te r  b o d i e s  in  t h e  
sou th -cen t r a l  r e g i o n  o f  coastal  L o u i s i a n a  (Fig. 1): 
east  o f  F o u r l e a g u e  Bay (FLB),  n o r t h w e s t  o f  Terre-  
b o n n e  Bay (TSMP) ,  a n d  wes t  o f  B a r a a r i a  Bay (_,~dr- 
p l a n e  Lake-.APL). Two s e d i m e n t  cores  were  col- 
l ec ted  m a n u a l l y  a t  e a c h  o f  t h e  t h r e e  sites in  _&ugost 
1992 (TSMP) ,  Augaxst 1993 (APL),  a n d  October '  
1994 (FLB) .  /.M1 cores  were  co l lec ted  in  a plastic 
robe  (3 i n c h  d iam,  1.3 m l o n g ) .  U s i n g  --1 m tubes  
to col lect  cores  u n d e r w a t e r  in  a -~1 m d e e p  salt 
m a r s h  p o n d  m a d e  accu ra t e  m e a s u r e m e n t  o f  com-  
pac t i on  d u r i n g  co re  co l lec t ion  imposs ib le ,  so we 
mea .sured  c o m p a c t i o n  d u r i n g  e x t r u s i o n  in  t h e  lab- 
ora tory .  Cores  were  s to red  at  4~ T h e  l o n g e s t  co re  
was split  t h e  day  af te r  co l lec t ion  o n  a c u s t o m - m a d e  
t h r e a d e d  ex t rude r ,  a l lowing precise  r r~easurements  
fo r  slicing. Visual  obser~sations a n d  co re  l e n g t h  
were  r e c o r d e d  pr ior  to  a n d  d u r i n g  e x t r u s i o n .  E a c h  
o f  t h e  co res  was spli t  i n t o  1-cm i n c r e m e n t s ,  w h i c h  
were  t h e n  h o m o g e n i z e d  a n d  subsampled .  
CORE D/,_7~N o 
Se lec ted  s amp le s  were  d a t e d  b y  a3'TCs (Milan  e t  
al. 1995) a n d  21~ (Cntsha l l  e t  al. 1983) u s i n g  a 
P r i n c e t o n   9  60 m m  d i a m  int r ins ic  ger- 
m a n i u m  " N "  type  coaxial  d e t e c t o r  (40% efl icien- 
cT) i n t e r f a c e d  to  a n  E C & G  O r t e c  9 2 X  spectrtm-~ 
m a s t e r  i n t e g r a t e d  g a m m a - s p e c t r o s c o p y  sys t em.  
Sample s  fo r  ~~ were  h e l d  fo r  51 Wk b e f o r e  anal-  
y'sis to  Mlow fbr  e q u i l i b r i u m  b e t w e e n  a t m o s p h e r i c  
~:SRn a n d  ~i~ Sa.mples t?)r l~VCswere c o u n t e d  for  
a t  least  4 h in  o r d e r  to  yield a c o u n t i n g  e r ro r  o f  
10% in  t h e  ~dcinity o f  1963-1964 ,  t h e  yea r  o f  p e a k  
l~?Cs f a l l ou t  fo r  t h e  s o u t h e a s t e r n  U.S.  ( P e n n i n g t o n  
et  M. 1973) .  Saanples fo r  2~-~ were  b r ie f ly  c o u n t e d  
wi th  a sou rce  o f  :~~ to  m e a s o x e  t be  s a m p l e  self: 
a b s o r p t i o n  po ten t ia l ,  qftae samples  were  t h e n  re- 
c o u n t e d  for  24 h in  o r d e r  to  o b t a i n  a s igni f icant  
a r r tonn t  o f  n e t  c o u n t s  above  b a c k g r o u n d .  To  de-  
t e r m i n e  s u p p o r t e d  :l~ add i t i ona l  c o u n t s  were  
c o n d u c t e d  for  2~-~Pb activity. S u p p o r t e d  ~~ was 
s u b t r a c t e d  f r o m  t h e  total  to  o b t a i n  excess  21~ 
f r o m  Which  s e d i m e n t a t i o n  ra tes  were  d e t e r m i n e d .  
Resul ts  f b r  ~3?Cs a n d  >loPb are  r e p o r t e d  as pCi  g-~ 
(d ry  wt  r u d i m e n t ) .  
T h e  ~3'TCs-based s e d i m e n t a t i o n  ra tes  were  deter-  
m i n e d  as  follows: t h e  d i f f e r ence  b e t w e e n  t h e  da t e  
e a c h  co re  was co l lec ted  a n d  1963-1964  was diwided 
b y  t h e  d e p t h  Where  t h e  p e a k  in  l~VCs actiwity oc- 
c u r r e d .  S e d i m e n t a t i o n  r a t e s  w e r e  d e t e r m i n e d  
f r o m  t h e  excess  ~~ u s i n g  t h e  c o n s t a n t  ra te  o f  
supp ly  (CRS) m o d e l .  T h e  ass~xmption was m a d e  
t h a t  t h e r e  is neg l ig ib le  m i g r a t i o n  o f  21~ in  t h e  
~ d i m e n t  a n d  t h a t  t h e  supply o f  excess  2~~ is con-  
s t an t  over  t ime .  S e d i m e n t a t i o n  ra tes  were  de ter -  
m i n e d  t h r o u g h  t h e  inverse  o f  t h e  s lope  o f  t h e  least- 
~ u a r e s  regress ion  l ine  t h a t  was f i t ted  to  e a c h  2~~ 
profi le .  T h e  a~'ZCs a n d  >:~ e s t i m a t e d  s e d i m e n t a -  
t i on  ra tes  were  ave raged  to  give a n  overall sedi- 
m e n t a t i o n  ra te  t h a t  wou ld  app ly  fo r  t h e  who le  
l e n g t h  o f  e a c h  s e d i m e n t  core .  
DIATOM ANALYSIS 
Separate por t ions  of selected homogen ized  sam- 
pies were prepared  and analyzed for diatoms ac- 
cording to Parsons (1998)  Glass microspheres  (20- 
IJm~ diana, Unisciences | Ltd.) were added to the 
sample (to est imate absolute abundance  of dia- 
toms: Battarbee and Kneen  1982) in a 15-ml grad- 
uated polypropylene centr i fuge tube; clay- particles 
were removed  by r insing sevelal t imes with 2% so- 
d ium pyrophosphate  (Bates et al. 1978). Samples 
were cleaned in boil ing nitric acid and rinsed six 
t imes with distilled-deionized water via centrif'uga- 
lion Cleaned samples were dried on a 25 m m  >~ 
25 m m  #1 coverslip and m o u n t e d  on a slide with 
Hyrax | Slides were examined  using a Zeiss*' uni- 
versal microscope at a magnif icat ion of 625~. At 
least 250 diatom valves were counted per  slide, 
which provides a good estimate of the diatom spe- 
cies > 1.5% of the populat ion (Parsons 1996)  
The  top sample and every tenth sample there- 
after weie  counted f'lom each core. I f  obvious dif- 
fe lences  were noted between adDcent  samples, ev- 
ery fifth sample was c o u n t e d  If  obvious differences 
weie  noted between these acljacent samples, every 
sample in the interval was c o u n t e d  
DIATOM DATA ANALYSIS 
A diatom-based salinity index (SI) was [oHnulat- 
ed using a rnultiple-variable regression technique 
compar ing  diatom species-saliniLw groupings  with 
the available salinity- d a t a  A similar approach  was 
taken by Flower (1986) in his study o f p H  changes  
in lakes  When  compared  with m a x i m u m  likeli- 
hood  and weighted average techniques employed 
in o ther  studies ( s e e j u g g i n s  1992), this technique 
is not  as complex and probably lacks some needed  
detail. We believe our simplified approach  is ade- 
quate  to de te rmine  if  the diatom assemblage re- 
flects salini/7 changes  in the coastal marsh  environ- 
ment .  
Salinity classifications were de te rmined  f rom the 
li terature for as many  as possible of the counted 
diatom species >~ 1.5% of the population.  Many 
diatom taxonomic texts were used to identify and 
classify- the diatom species encountered  in this 
study (Hustedt  19.39, 1955; Voigt 1960; Hendey  
1964; Pat*ick and Re imer  1966, 1975; Cleve-Euler 
1968; Foged 1975, 1980, 1986a, b, 1987; G e r m a i n  
1981; Navarro 1982; Archibald 1983; Ca!ion 1983; 
Gasse 1986; K r a m m e r  and Lange-Bertalot  1986, 
1988, 1991a,b; Prasad et al. 1990; Round et al. 
1990; Vos and de Wolf 199.3; Mann  1994). Broad 
salinil 7 classifications were used to s tandardize the 
disparate salinity g roup ings  devised by these rei~ 
erences, and to acknowledge the dynamic environ- 
meri t  b,pica[ of the Louis iana coastal marshes.  The  
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TABLE 1. C/laracteis t ics  of  the  salinige da ta  used  m this study. 
The  s a m p h n g  stations are listed accorcfmg to the  agency dlat  
colleci.-d the  data (Louisiana D e p a r t m e n t  of  Wildlife and  Fish- 
e~ies: LDVgF; D e p a r t m e n t  of  Hea l th  a n d  Hospitals: D H H )  and  
co r re spond ing  coI ing  sites (As-plane Lake,  APL; Ten-ebonne  
m a r s h  site, TSMP; or Fom-leag-ae Bay m a r s h  site, F L B )  Samples 
were collect~-d weekly o i  month ly ,  a ld lough  n o t  on  a consis tent  
basis (% r n i s g m g )  Salinity iaxlges a n d  m e a n s  are also l i s ted  
%PL DHH 107 DHH 190 
tar*o*~ &DSTW) (T:orv~) (F~B) 
L e n g t h  o f l e c o * d  1972-1998 1972-1996 1971-1996 
D e q u e n Q  of  sampl ing weekly m o n t h l y  rnontb ly  
% missing 58% 68% 63% 
SMinity range (%0) 2-34 0-25 0-26 
Mean salini~% (%0) 20.2 9.4 4 1  
salinity- g roups  used in ~his stud},, based on Kolbe 
(1927) and Round (1981), refer  to salinity ranges  
within which a part icular  species thrives best, or 
most  commonly  occurs: freshwater  (0-5%0),  estu- 
arine (5-20%o), and mar ine  ( >  2 0 % o ) T h e  per- 
centage of the diatom populat ion classified in each 
group  was s u m m e d  for each sample. 
In several cases a salinity- classification could not  
be assigned to a diatom species because ei ther  the 
species could not  be identified or no salinity infor- 
mat ion  was found in the literature. This  problem 
was co*rected by- dividing the percentage  of' the 
diatom populat ion within each salinity group  toy 
the percentage  that could be classified, theretoy 
s tandardizing the classifications to one and allow- 
ing direct compar isons  a m o n g  the samples  The  
three salinity- classifications could not  be used con- 
current[}' m the multiple-vmdable regression due to 
singularity- difficulties caused by the standardiza- 
tion p r o c e d u r e  The  SI, therefore,  was based on 
two ratios: the f'~esh water to estuarine componen t  
(FE) and the estuarine to ma l ine  componen t  
( S ~ )  
S/~LINrI'Y DATA ANALYSIS 
Salinily data were obtained f tom the Louisiana 
depar tments  of Wildlife and Fisheries ( L D ~ g )  and 
Heal th  and Hospitals (DHH)  at Airplane Lake and 
two other  sites within 1 km of the o ther  two col ing  
sites (FLB and TSMP; F i g  1 )  Some characteristics 
of the salinity- data are given m Table 1 We applied 
a seasonal coKect ion to the data in an a t tempt  to 
c i rcumvent  potential  p~oblems due to the highly 
variable na ture  of the data and sporadic sampling.  
The  seasonal col lec t ion was computed  as follows: 
monthly  means  for each salinib, data set were cal- 
culated and then these values were subuac ted  
fiorn the specific measu remen t s  taken dur ing  the 
respective m o n t h  
An overall m e a n  salinity- was computed  by- aver- 
ag ing  the monthly means.  This  value yeas added to 
the difference between the monthly  m e a n  and 
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TABLE 2 DescdpHon and core dating results of the tkree study sites; the Ter rebonne  salt marsh p o n d  (TSMP), Ak2plane Lake 
(APL), and /lie Fore-league Bay brackish m a s h  pond  (FLB). The  areas were estimated from scaled aeIial maps; salini/T ranges me 
Born Table 1. Wate~ depths  were recorded  Born field observations; major p lant  conmmulties were identified m the field. PosWxtiusion 
core lengths and  % compaction values are given. See /ext m~d refer to Figm'e 2 tbr  core d a ~ l g  results and discussion 
S!Jdy site TSMP ~2L FZ,B 
S~Face wamI area (hectares) 1 25 2 
Salinity, (%o) 0-25 2-54 0-25 
Water dep th  (m) 05-1 1-2 0 . 0 5  
Majoi plmlt cotnllmulty Spa~,~i~a al~e~!/gcea Spartir~a alter~c@~l~ra Spartir~a pete':as 
Confa-med smbitity (via maps) since 1952 since 1955 since 1955 
Dat~- cores were collected August 18, 1992 August 26, 1995 October  17, 1994 
Pos|extiu~ion core length (cm) 687 1057 745 
% compaction 5.0 45  8 5  
JVCs peak (cm) 35F, 9.5 56.5 
Js'~Cs sedmienmtic,n rate (al l  D" i) 1.24 053 119 
2~~ sedmientation rate (cm ya- ~) 08  031 0.8 
Average sedimentation ram (cm yr x) 1.0 0.32 1.0 
Time flmne represent~-d by each core 1924-1992 [t55~b-1993 1920-1994 
each specific measmement  to return the data to 
the same range of' values as m the raw data  This 
step was needed to compare the SI ~4th the salinity 
data directly. Three-year runn ing  averages of the 
seasonally corrected salinity data were used to sim- 
ulate surface sediment mixing processes 
STATISTICAL ANAL'~SlS 
Sedimentat ion rate estimates acquired th*ough 
core dating allowed us to assign art approximate 
date to each sample analyzed for d ia toms The 
years in which salinity- data and diatom data 
matched were used for statistical analysis relying on 
the assumption that sedimentation rate-derived 
dates of the diatom data corresponded to the ac- 
tual dates of the salinity da ta  A regression analysis 
(PROC REG procedure of SAS | 1988) was con- 
ducted between the diatom (FE and EM) and sa- 
linity data to determine if there was a significant 
and positive linear relationship between the two 
datasets A significant relationship would provide 
evidence that the diatoms preserved m the sedi- 
ment  preserved a record of past salinity in Louisi- 
ana's coastal marshes  The regression model  was 
then applied to the diatom data to formulate a SI 
for all of the samples analyzed f iom the three sed- 
iment  cores; the assumption was that the SI would 
reflect actual salinity t rends  T, ends in the data 
were examined using a model  II regression analysis 
of the SI versus the core dates since both terms 
have errors associated with their estimates (Sokal 
~Jd Rohlf  1969) Significant regression results 
would indicate annual  trends m the SI, and there- 
fore, salinity The SI and g-yr f raming  averaged sa- 
linity data were plotted together versus time (date) 
for each site to inspect visually how well the SI re- 
flected actual salinity and if date mismatches were 
evident between the actual dates of the salinity data 
versus the radioisotope-de[ived dates of the SI 
data. 
Results  
CORE D~I'INO AND SITE DESCRIPTIONS 
'['able 2 presents general site descriptions, field 
measurements made during the core collection 
uips, and core dating results  Two of the sites 
(TSMP and APL) are surrounded by salt marsh 
dominated toy 2partir~a alterrt,flora, while the brack- 
ish marsh site (FLB) was a homogeneous  marsh of 
.5'partiaapatens. The three sites ranged in size f iom 
a small pond (TSMP) to a larger lake (APL), and 
also differed in water depth, ranging horn very 
shallow (05 m, FLB) to rather deep for a marsh 
water body (1-9 m, A P L )  Postextrusion sediment 
core lengths ranged f iom 68.7 cm to 1057 cm, 
with associated levels of compaction of'.3% to 8 8 %  
The peaks m iSVCs activity represent the year(s) 
1963-1964 (Milan et a l  1995) and occm at a core 
depth of 9 5  cm (APL), $55  cm (TSMP), and 86.5 
cm (FLB) (Fig. 9). Note that seeeeral data were ex- 
cluded within the TSMP core fo* the determina- 
tion of the m~ regression line (indicated by the 
x's; Fig. E). These data were horn the suri~ace 
mixed layer (the top three samples; Benninger  et 
al. 1979), bioturbation events (.%'5 cm and 60 cm; 
Heiinis et a l  1987), or a peat layer (69 cm) that 
contained a large amount  of plant material (Par- 
sons 1996), which can enrich surrounding sedi- 
ments }~ith 2i~ (Koide et al. 1979; Olsen et al. 
1985) Sedimentat ion rates ranged f iom 0.39 cm 
yr i (APL) to 1.0 c m y i  1 ( F L B a n d T S M P )  asde-  
termined by averaging the sedimentat ion rates es- 
timated by the l~?Cs and 21~ techniques  The 
cores contained a record of 68 yr (TSMP) to a po- 
tential of gS0 yr (APL). The 330Tr record of the 
APL core is questionable as this value is based on 
1.6.  
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E[g. 2 ~SVCs activity and regressinn of in (m ~ actBAty versus 
core depth at ,aArplaxle Lake (API~--triaxigles), the Fomleagq~e 
Bat, brackish marsh sil~- (FLB--squares), and the Te~rebonne 
Ba? salt marsh pond site (TSMP black cirdes) The ln@~ 
actbB 7 regression line equations and r ~ vMues are FLB (soffd 
line) in(y) 0.0883x ~ 1.4684 (~ 0.58); TSMP (large- 
dashed line) In(y) 0.0308x + 08444 (r ~ 0.82); andAPL 
(~mal]-dashed line) In(y) 0.0997x ~ 1.8456 (r s 097). 
t he  a s s u m p t i o n  t h a t  t h e  w h o l e  co re  has  a n  ave rage  
s e d i m e n t a t i o n  r a t e  of  0.32 cm yr  i 7 ' he  lack of  
is'ZCs activity in  the  u p p e r  .3.5 cm a n d  6 5  cm of  the  
A P L  a n d  F L B  cores ,  respect ively,  a n d  the  c o n s t a n t  
~:l~ act ivi ty in  the  u p p e r  3.5 cut of  t he  T S M P  core  
d e m o n s t r a t e  t h a t  s e d i m e n t  m i x i n g  a p p e a r e d  to be 
l i m i t e d  to t h e  u p p e r  4 cm of  s e d i m e n t  in  t h e  t h r e e  
c o r e s  
DIATOM ANALY:;IS 
A total of' 33,726 diatom valves represent ing  205 
species fi-om 60 gene ra  were identif ied and enu- 
mera ted  in 101 samples analyzed flora the three 
sites. O f  these 205 species, 125 could be assigned 
a salinity classification The  4.3 most  c o m m o n  spe- 
cies ( >  5% abundance  in arty sample) are given in 
Table .3 The  propor t ion  of valves counted that 
could be classified ranged  h o m  90% f i o m  FLB-68 
cm to 100% f i o m  several samples in the APL and 
TSMP cores  A total of .37 samples were counted 
f i o m  FLB (1-20, 25, 30, .35, 40, 45, 50, 55, 60, 65-  
71, 74, and 75), .37 f i o m  TSMP (1-10, 15, 20, 25-  
35, `39-4.3, 45, 50, 55, 60, 65-69),  and 27 h o m  :MPL 
(1-10, 1.3, 17, 20-22, 24, 26, 28, `30, 40, 50, 60, 70, 
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TABLE 3. Afl cliatora species >5% relative abmadance in at 
least one sample that could be a~signed a salinitl, dassificmton. 
71ae references used to obtain dlese classifications are indicated 
by the superscript ibllowmg each species, which refer to the 
foliowing works: 1--Foged 1980; 2--Foged 1987 8 Marshall 
and 2ilden 1993; 4~Prasad et al. 1990; 5 ~ a l j o n  1988; 6 Vc,s 
and deWoK 1998; 7~Foged 1986a; 8 Elustedt 1955; 9--Patrick 
and Reimer 1966; lC~-E[endey 1964; 1 1 ~ a r p e l a n  [978, 12-- 
Krmnmer and Lange-Bertalot 1988,1988, 1991a,b; 18--Roared 
et al. 1990; 14~Mann 1994; and 15~Hustedt 1989. The max- 
irnmn relative abmadmace is given for each species (rounded to 
the nearest percentage), including tile core site (A .4irplmae 
Lake; F Fourleague BW; and T Terrebonne BW) and depth 
in which the maxknum abandar~ce occurred. 
~,~arl l e  Specles 
AdmantIws ~resipes va~ #~termedia 
(KlitTing) Cleve ! 7% (F66) 
Actinopg, chu~ senarius Ehrenberg 2~ 10% (T6r,) 
Amphora tenuissima Hustedt a 6% (T41) 
D!ploneis did?ms (Ehrenbeig) Ehr. ~12 11% (T65) 
D!ploneis smithii (Brebisson) Cleve al2 5% (F70) 
DiPflum brightwdlii (West) Ormaov> s 7% (A1O) 
Mdosira monil!fc,r~nis (O.F Muller) Agardh ~ 8% (F75) 
A'evi~gayarrensisGrmaow :a 27% T68~ 
Nitzs&ia cemyressa (Bailey) Boyer ~2 19% (T2) 
Nitzschia lanceda Or~mow 2~2 o~~ (AS) 
Nitzscl~ia pan&,~rifiJrr, eis Gregory ~ 10% (A2) 
Petr~r~eis ma~na (Ralf~ in Piitchm-d) Mann ~ 24,~ (A20) 
Thalassiosira eccentrics Ehrenberg" 10% (A1) 
Tublicr~eil~ g'ranulata vm-. g~'arte~ata 
(Grins) Mann ~ 59% (TS) 
f s u ~ a l / t s e  - p e e / e s  
Achnan&es s~ bmarina Hustedt 9 44% (El5) 
A~,,pllora c@ulam Giffen !2 36% (T55) 
Baciis paradoxa Gmelm ~ve 8% (F2) 
Biremi:, ambig',,za (Cleve) Mann ~i~ 8% (T69) 
Ca~Jneis westii (W Smith) Hendey ie 11% (A24) 
@cio~ei~a caspia Grtmow~ 5% (A1) 
@,clotdla cho~awhatd~eear~a Prasad 4 5% (F1) 
@cio'el~ ~lleneg'hiniana Kiltzing n 10% (T69) 
@mbdia ianceoiata (Ehrenberg) Kirchne~ !~ 8% (F68) 
Dickieia uivacea Berkeley ex. Kfltemg~'* 8% (F19) 
D!Flouei, finnica (Ehrenberg) Cleve ~!~ 21% (F71) 
Dipioneis F~eiga (Schmriann) Cleve ~ 14% (F5) 
9 ~ t@ilac a t e  era (Hustedtl Mman~ 9% (as) 
l-rag-iiaria brevis#iata Grunc,w~X~ 56% (T41) 
@rosigma peis~is (Grtmow) Hustedt ~ 6% (T41) 
L~'~ticola mutica (Kiltzmg) Mann ~ a,o~~ (F70) 
Mdosira ~v~mmuloides (DillwTn) Agm'dh i~ic 9% (F76) 
Navicl~ia circumtexa Meister 8% (T1) 
N~viozia c~r~ser~tanea Hustedt " 8% (T1) 
Navio'~la saiina~v~m vm minima 
(Grmaow) Colby ~*x2 10% (F7) 
g 4;,  e r , , Ntoschaaja i~o~*s ~v~ Simfla) \zan Hem-ok i~ 13% (FS) 
Rh@agodia a~zminata ga-ammer 10%, (T40) 
73~,~Iaria taNdata (Agardh) Snoeijs i~o 6% (T39) 
F ! e s h w a t e r  S p e c i e s  
Anomoe~neis ~phaereq~hora (Kilrzing) Pfi~zer ~ 79% (F66) 
Auiacoseira uranulata (Et=enberg) Simonsen~ 6 12% (F74) 
Cbcconeis pgacentug~ vm- eugl2/fta Ehrenberg ~7 5% (T69) 
w, o a z  9 ~?'agflaria piunata Ehrenberg - ' ~  17% (A71 
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Fig 3. Regression of the diatom-based salini~ T index (SI) 
versus measured saJiniIy from salinity and core data collected at 
or in the vichdty of" .4;trplane Lake (APL), the Fourleagne Bay 
brackish marsh site (FLB), and ttle Terrebonne Bay salt marsh 
pond sire (TSMP). The SI was computed as *bllow% where FE 
refers to die fresh water to estum-ine ratio and EM refk-rs to the 
esmm~xle to marine ratio: SI 3688(FE) 0.61(EM) + 9.03; 
r~ 0.86; p < 00001. 
80,  90,  100 ,  a n d  106) .  F e w e r  t h a n  250  d i a t o m  
va lves  w e r e  f b u n d  i n  A P L  c o r e  s a m p l e s  b e l o w  ,gO 
c m  so t h e  s ta t i s t i ca l  a n a l y s e s  w e r e  l i m i t e d  to t he  
u p p e r  ,gO c m  of' t h e  c o r e ,  w h i c h  r e p i e s e n t e d  t he  
t i m e  f r a m e  1901 to 199,g. 
STATISTICAL, ANALYSES 
A s ta t is t ica l ly  s i g n i f i c a n t  l i nea~  r e g r e s s i o n  m o d e l  
(p < 0 .0 0 0 1 )  was  f o r m u l a t e d  u s i n g  two d i a t o m - s a -  
linity- c o m p o n e n t s ,  FE a n d  E M ,  t h a t  p r e d i c t e d  t he  
a c t u a l  s a l in i ly  v a l u e s  ( r  ~ 0 8 6 ) ,  w h e t e  o n e  u n i t  
o f  SI  e q u a l e d  0 . 86  urf i ts  o f  sa l in i ty  (%o)  (Fig .  g ) .  
SI  v a l u e s  f o r  s a m p l e s  b e l o w  g0  c m  in t h e  A P L  c o r e  
i n d i c a t e  t h a t  s a l i n i t i e s  may" h a v e  f l u c t u a t e d  o v e r  a 
, ) - a 0 , o0  d u r i n g  t he  pa s t  r a n g e  o f  a p p r o x i m a t e l y  ~ 9 0e 
g 0 0  y r  (Fig .  4 a )  T h i s  is b a s e d  o n  t he  a s s u m p t i o n  
t h a t  t h e  SI  r e f l e c t e d  a n  a d e q u a t e l y  p r e s e r v e d  d ia-  
t o m  p o p u l a t i o n  r e g a r d l e s s  o f  t h e  l ow  c o u n t s  i n  
t h e s e  s a m p l e s  In t he  pa s t  c e n t u r y ,  t he  s a l i m t y  in -  
d e x  d e m o n s t r a t e d  t h a t  t h e r e  was  a n  ove ra l l  s ign i f -  
i c a n t  i n c r e a s e  i n  s a l i n i ~  of" 0 .10  SI  ( 0 . 0 9 % 0 /  yr  i 
i n  t h e  u p p e r  .30 c m  of' t h e  A P L  c o r e  (p  0 0 0 0 8 ;  
Fig.  4 b )  T h e  F L B  SI d i sp l a ys  a s i g n i f i c a n t  d e c r e a s e  
o f  0 .11  ( 0 .0 9 % 0)  yr  * (p < 0 .0001 ;  F ig .  4c ) .  I ' h e r e  
is  a n  o v e r a l l  s i g n i f i c a n t  i n c r e a s e  o f  0 0 1 5  SI  
( 0 . 0 1 %0 )  yr  1 i n  t he  T S M P  c o r e  (p  = 0 .009;  Fig.  
4 d ) .  T h e  b o t t o m  s a m p l e  o f  t h e  T S M P  c o r e  was  n o t  
i n c l u d e d  i n  t he  SI  r e c o n s t r u c t i o n  b e c a u s e  a n a l y s e s  
i n d i c a t e d  a p o s s i b l e  a l l o c h t h o n o u s  o r i g i n  o f  th i s  
p e a t  laye* ( P a r s o n s  1996 ) .  
COMP&RISON OF THE S[ r NALINfl'Y D~FA 
T h e  SI  d a t a  d i sp l a y  t he  s a m e  r a n g e  o f  s a l i n i t i e s  
as t h e  a c t u a l  sa l in i ty  d a t a  f i -om the  t h r e e  s t udy  s i tes  
( F i g  5 ) ,  b u t  d a t e  m i s m a t c h e s  m~e e v i d e n t  ( e x a m -  
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Fig. 4 The diatom-based saliniqz index (SI) determined sa. 
I[ni~7, profile for die .agtrpl~le Lake (A mid B), Fomleague Bay" 
(C), and Ten'ebonne Bay (D) sediment corms. Statistically-sig- 
nificmlt overall model II trends in die SI are iBustt ated for Ah-- 
platle Lake from 1901 to 1993 (SI 0 103(year) 1851; r 2 
0.49; p 0.0009); Fourleague Bay (SI 0 105(yea~) + 2141; 
r 2 0.58; p < 00001) and Trrrebonne Bay (SI 0 012(y-at) 
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Eig. 5. Direct  compar i son  of  the salini~z index  (black dia- 
m o n d s  a n d  do t t ed  tines) and  g-y- r u n n i n g  average salinity da ta  
(open  squares and  solid lines) for  Four league Ba 7 (A), Airplmle 
Lake (B),  atld Te r r ebonne  Ba;~ (C). The  asteiisks mclicate pos- 
sible date mismatches  be tween the  two datasets. 
pies indicated by the asterisks in Fig. 5). The  FLB 
SI appea~s to be mismatched  vdth the salinity data, 
possibly due to dat ing e~rors (Fig. 5 a )  The  FLB SI 
shows more  variability than the 3-yr averaged salin- 
itty data, suggest ing that the salinity data may have 
been  smoothed  too m u c h  A decreasing t rend in 
the APL SI is e~ident (Fig. 5b) but  is not  corrob- 
orated by- the actual salinity data collected at Air- 
plane L a k e  The  TSMP SI matches  the salinity- data 
well except  for 1986-1992 (F ig  5 c )  
D i s c u s s i o n  
THE SALINITY INDICES 
Diatom remains  appear  to preserve  a record  of 
past salinity in the sed iment  of the coastal marshes  
of Louis iana (Fig..3).  'The SI reconsuuc t ions  do 
not  suppor t  the hypothesis of significant coastwide 
salinity increases, but  indicate that salinity t rends 
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vary regionally and temporally (Fig. 4), conf i rming  
earlier salinity studies (Wiseman et aL 1990; Swen- 
son and &earzenski 1995). The  lalge fluctuations 
in the SI between the late 1600s and 1900 indicate 
that salinities may exhibit  vdde fluctuations on cen- 
tury t ime scales (Fig. 4 a )  The  SI increase at APL 
between 1901 and lO0,3 e~ .... (~-'1~0o pe~ decade; Fig. 
4b) may be another  example  of such fluctuations 
This  increase appears  to be driven by a group of 
h igh  SI values in the 1960s dur ing  a per iod of low 
Mississippi River discharge in the 1950s and 1960s 
(gratkovich et aL 1994)  Century-scale fluctuations 
in salinity may- be driven by climatic variation, as 
evidenced in f luctuating river discharge (gratkov- 
ich et al. 1994) and possibly precipi tat ion (Laird 
et aL 1996a, b). There  is an apparen t  decrease in 
the SI f iom 197g to 1993, but  this t rend is not  
suppor ted by the accompanying  salinity data (Fig. 
5b), which demonsua t e s  that the SI rhode1 has 
flaws (see below)  The  decreasing sal ini tyindicated 
in the FLB SI (~1%0 per  decade; Fig. 4c) may be 
due to the increased discharge of the Atchafalaya 
River as it began  to c a p t m e  the flow of the Missis- 
sippi River (Bratkovich et al. 1994). This  hypoth- 
esis is conf i rmed by a statistically significant rela- 
t ionship between the FLB SI and Atchafalaya River 
discharge (r 2 0365,  p < 0.0001, data no t  
s h o w n )  "i~nile the TSMP SI demonstra tes  that sa- 
linity- has increased, the increase is minu te  (001%o 
yr 1; F i g  4d). The  lack of a large change could 
~eflect robustness of the SI model  at TSMP, o~ in- 
dicate that the salinity- r eg ime  has changed  little at 
the TSMP s i te  I ' h e  latte~ possibility- is interest ing 
in that the H o u m a  Navigational  Canal (HNC) is 
less than 2 km away f~om TSMP, and Wang (1988) 
demons t ra ted  that the H N C  may serve as a condui t  
of highe~ salinity Gulf  u,aters into the a r e a  The  
TSMP resuhs may indicate that the areas affected 
lay- h igher  salimties migh t  be very localized (<  2 
km distance). 
ROBUSTNESS OF THE S I  M O D E L  
\4~ile sediment-preserved diatoms can be used 
to reconstruct  salinity profiles in the coastal marsh- 
es of Louisiana, the SI reconstruct ion model  can 
and should be improved.  The  r 2 of the regression 
mode l  (0.86) upon  which the SI is based indicates 
that it does not  explain 14% of the variability Fig- 
ure 3 reveals that the SI did not  p e r f o r m  well at 
the h igh  salinity end of the mode l  (~20%0),  and 
that many data points  near  the low end were poor- 
[y" est imated as well  Figure 5 demonstra tes  that the 
SI and salinity data did not  match  up well in some 
cases  Much of this er ror  could be due to the spo- 
radic n a t m e  of the available salinity data, imprope r  
salinity classification of some of the diatom species, 
o~ errors  associated with core d a t i n g  
~08~ M.L. Parsons et al. 
CRITIQUE OF SALINITY DATA 
The salinity data used in this study were discrete 
data, and the sporadic nature of the data collection 
(Table 1) may have resulted in a poor  represen- 
tation of the salinity r e g i m e  This is best exempli- 
fied by the observation that the data were collected 
less than 50% of the time, arid were of|en collected 
d in ing  the spring (eg.,  Airplane Lake; March 
through May- between 1992 and 1998). The data 
were also collected weekly or monthly, which is typ- 
ical for Louisiana salinity data (Swenson and Swar- 
zenski 1995) The hydrology- of Louisiana's coastal 
marshes is very @namic and cyclic salinity vari- 
abili/7 is influenced by d imna l  tides (on daily 
scales), ~iver flow, and precipitation (seasonal to 
annual scales; Swenson and Swarzenski 1995)  An 
an@sis  of salinity measurements should account 
foi  these cyclic variations, but  this is generally not  
the case 
CRITIQUE OF DDZrOM DATA 
The responses of diatoms to salinity can vary 
widely among species and within a species There 
is e~idence that a diatom species can display dif- 
ferent salini b, optima in different water bodies, al- 
though tolerance ranges generally overlap (Cure- 
ruing and Stool 1993; Fri/z et aL 1998; Wilson et 
al. 1994, 1996) Some diatom species may have 
very large tolerances (ie.,  euryhaline) and there- 
fore will not  be usef'ul to reconstruct estuarine sa- 
linity ( juggins  1992) Wilderman (1987) believed 
this was especially true at salinities of 8-16%o, for 
which no reliable indicators may- exist  The poten- 
tial robustness seen in the TSMP SI at a salinity of 
~10%0 may reflect such toler~Jces. Ma W species 
exhibit salinity op t ima  Because these responses 
are not  l i nea l  linear models (as was used for this 
stu@) might  not  be the best analytical approach 
(.]uggins 1992) A particular diatom species re- 
sponse to salinity changes may difl'er based on the 
duration, fl~equency, and magni tude of change 
(Carpelan 1978; Admiraal and Peletier 1980). It is 
important,  therefore, to know how salinity changes 
(frequency, etc)  and how a species will react to 
these salini b, changes. 
CRI'I'IQIoE OF (~ORE DATING RESULTS 
The core dating techniques ernployed in this 
stud}, result in average estimates of sedimentat ion 
rates  The 1B7C',8 estimates are an average rate for 
the period between 1963-1964 and the time the 
core was collected, while the m~ estimates are an 
average based on the slope of a regression for the 
sediment core samples analyzed. As sedimentat ion 
rates vary year to year (especially- during hurricane 
events, Parsons 1998), the use of an oveiall average 
sedimentation rate can cause a poor  estimation of 
core-derived dates, There were differences be- 
t~een estimates of' sedimentation rate as deter- 
mined by lSVCs and 21~ for FLB (3.g% difference; 
1.19 versus 0 8  cm yr l; Table 2) and TSMP (35%; 
1.24 versus 0.8 cm yr 1; Table 2). The differences 
in the two estimates indicate changing sedimenta- 
tion rates (greater since 1963-1964), compaction, 
or oxidation (Tmne~ unpublished da ta )  
The possible errors and flaws in the core dating 
estimates may have caused date mismatches be- 
tween some core samples and the salinity da ta  
Date mismatches (eg.,  FLB, Fig. 5a) could increase 
variability m the SI regression, resulting in de- 
creased r ~ The high r ~ (0.86; F ig  g), however, 
demonstrates the core dates and actual salinity 
dates matched up reasonably well, considering the 
errors that can be expected. 
COMP&RISON TAqTH OTHER DIATOM-B&SED SALINI'I~" 
INDICES 
The SI model  developed in this study performed 
similarly to salinity indices applied in other sedi- 
ment  core studies. Fritz (199l)) developed a dia- 
tom-based salinity index to reconstruct a salinity 
history of De~ils Lake, North Dakota, U.S., and 
compared the model  to available salinity records. 
While their model  estimated salinities fairly- well 
below 10%o, it did not  consistently differentiate sa- 
linities between 10%o and 25%o. Laird et al. 
(1996a) demonstrated that diatom-inferred salinity 
changes in a sediment  core from Moon Lake, 
North Dakota, matched up well with available cli- 
matological data (precipitation minus e~eapotrans- 
piration) af/er the 1940s, but mismatches were ap- 
parent  in the mid 1970s. Wilson et a l  (1996) re- 
ported their recent ref inement  of a salinity infer- 
ence model  for a region in British Columbia, 
Canada, in which the if: was improved to 0.87 We 
believe, therefore, that our salinity model  is an ad- 
equate at tempt at reconstructing salinity in coastal 
marsh envi ronments  
Conclus ions  
The SI holds great potential  as a tool to fhrther 
stud.}' salinity changes in Louisiana and other coast- 
al marshes impacted by hydrologic modifications, 
This study has demonstrated that there is no evi- 
dence for a coastwide increase in salinity'. Fluctua- 
tions in salinity may- be related to increased river- 
ine discharge (FLB) and may valy widely over cen- 
turies (APL), This demonstrates tile importance of 
riverine f~eshwatei inputs as a controll ing factor of 
salinity, and that long-term studies are needed to 
determine natural variability-, ~ i l e  the SI has re- 
vealed much about historical salinity regimes in 
coastal Louisiana, some of the results are question- 
able, and may reflect flaws in this study and the 
m o d e l  d e s i g n .  A n  a p p a r e n t  d e c r e a s e  i n  t h e  SI  o f  
t h e  A P L  c o t e  was  n o t  c o r r o b o r a t e d  by salinity- da ta .  
T h e  T S M P  SI  h a d  less variabil i ty- t h a n  t h e  salinity- 
d a t a ,  i n d i c a t i n g  t h a t  t h e  m o d e l  m a y  b e  t oo  r o b u s t  
a t  a salimty- o f  "-C[0%0. T h e  n e x t  l o g i c a l  s t ep  is to 
a d d r e s s  t h e s e  f laws a n d  r e f i n e  t h e  SI.  F i e l d  d a t a  o n  
t h e  salinity- r a n g e s  a n d  o p t i m a  f o r  t h e  d i a t o m s  liv- 
i n g  i n  t h e  m a r s h e s  o f  coas t a l  L o u i s i a n a  s h o u l d  be  
c o l l e c t e d  so t h a t  t h e  SI  cart  m o r e  a c c u r a t e l y  p r e d i c t  
a c t u a l  sa l in i ty  v a l u e s  ( i . e ,  i m p r o v e  t h e  r :  a n d  s l o p e  
so t h a t  b o t h  a p p r o a c h  o n e ) .  A p p l i c a t i o n  o f  t h e  re -  
f i n e d  SI  to  m o r e  si tes v d t h  l o n g e ~  s e d i m e n t  r e c o r d s  
w o u l d  p r o v i d e  a w e a l t h  o f  i n f o r m a t i o n  o n  sa l in i ty  
c h a n g e s  I t  a lso p o t e n t i a l l y  w o u l d  p r o v i d e  i m -  
p r o v e d  b a s e l i n e  d a t a  f i -om w h i c h  a n t h r o p o g e n i c  
i m p a c t s  a n d  m a r s h  d e t e r i o r a t i o n  c a n  b e  assessed ,  
a n d  p ~ o p e r  r e m e d i a l  m e a s u r e s  t a k e n  
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